In the paraxial approximation, trajectories of beam particles in a ring accelerator are computed expanded in powers of lateral displacements and slopes from a closed reference orbit. To do this, one needs first the expanded expressions of the magnetic field and potentials producing the particle motion. This is derived here in a most general form.
I .Intmduction
In a storage ring or a ring accelerator the ideal closed orbit is generally a planar curve. All particles in the beam travel near to the closed orbit. Thus, for the study of the particle motion it is convenient to use the closed orbit as the reference axis and compute the particle trajectories in the paraxial approximation. The right-handed coordinates used are shown in Fig curvature p(z) and the center of curvature "C." The metric of these rotating coordinates is
II .Scalar Potential
To expand the paraxial particle trajectory in powers of x and y (and x' and y' with prime indicating d l d z ) we need to first write the magnetic field (considered static) in an expanded form. In vacuum, the magnetic field can be expressed in terms of either a scalar potential 4 or a vector potential A . It is simpler to start with the scalar potential. We shall write 
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( 1 7) where e and p are the charge and the momentum of the particle. The expanded forms of K and D are where Bp E -= rigidity of the particle.
It is easy to show that to the first degree terms one gets the wellknown linear equations. To get the second-and higher-order terms the procedure is equally straightforward but increases progressively in complexity.
